The rotational states of an adsorbed dipole molecule in an external electric field were investigated. The surface hindering potential was modeled as a finite conical well and a dipole-field interaction was added to the hindering potential. The molecular wave functions were expressed in terms of the eigenfunctions of molecular hindered rotation in the absence of electric field. Eigenenergies were determined by the matrix diagonalization procedures. Our results showed that, for both vertically and horizontally adsorbed molecules, there is avoided crossing between two adjacent rotational energy levels, as the field strength is increased, and finally all state energies decrease rapidly as the field strength is strong enough. The avoided crossing is due to the redistribution of wave function between different potential well regions. By employing the sudden unhindrance approximation, the rotational-state distributions of molecules desorbing from a solid surface in the presence of external electric field were calculated. Our results showed that the rotational-state distributions are significantly influenced by the external electric field. Since the electric field increases the ground-state energy of adsorbed molecule, the distribution shifts towards the high-J region if the electric field is applied to orient the molecular axis against the molecular preferred orientation. On the contrary, the distribution shifts towards the low-J region if the electric field is applied to orient the molecular axis towards molecular preferred orientation because the electric field decreases the ground-state energy of adsorbed molecule. The solutions to the finite conical well were also used to calculate the rotational alignment in the photodesorption of CO from Cr 2 O 3 (0001). Our results showed that at low-J values the CO molecules desorb like a helicopter, while at high-J values a cartwheel-like motion is preferred. This result is in qualitative agreement with the experimental observation.
I. INTRODUCTION
The rotational motion of a molecule that interacts with a solid surface has attracted increasing interest. Experimental and theoretical investigations of the rotational distribution of scattering or desorbing molecules have been an active research field. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The measured rotational-state distributions of molecules scattering or desorbing from surfaces were found to exhibit a substrate temperature-independent nonBoltzmann feature. [1] [2] [3] On the other hand, the theoretical studies on the rotational motion of adsorbed molecules have been also reported. Gadzuk and his co-workers 4 -7 proposed an infinite-conical-well model, in which the adsorbed molecule is only allowed to rotate within the well region, to mimic the surface hindering potential. Rotational-state energy spectra for both vertical and horizontal adsorption configurations were obtained. Together with the sudden unhindrance approximation, the non-Boltzmann property of the rotational-state distributions can be attributed to the hindered rotations of adsorbed molecules. In our previous works, [8] [9] [10] we proposed a finite-conical-well model to generalize the study of a finite hindrance. Our results showed that the rotational-state distributions of desorbing molecules are nonBoltzmann and display oscillatory structures with alternate drops and plateaus. A similar structure was observed in a gas-surface scattering experiment and was interpreted in terms of rotational rainbows. 19 The oscillatory structure obtained in our previous studies is a general result of a system transiting from hindered states to free states, and can be regarded as the manifestation of the rotational invariance. Our calculated results have been found in good agreement with the previously measured data. 3 The surface physics and chemistry in high electric fields have attracted great interest since the inventions of field emission microscope ͑FEM͒ 20 and field ion microscope ͑FIM͒. 21 In these microscopes, a strong electric field of the order of 1 V/Å is applied to the tip of a sharp metal wire. In such high electric field, many effects can occur. For example, the tunneling through a field-deformed barrier at the surface of the metal is possible. This is responsible for the field emission, field ionization, and field desorption/evaporation processes. 22, 23 On the other hand, in a strong electric field of the order of 10 Ϫ1 V/Å, the electronic orbitals may be distorted so that the chemical characteristics of atoms or molecules are affected. Therefore, the chemical effects by establishing new bonding orbitals may occur. In this way, molecules that are unstable in field free situations may be stabilized by strong electric field. Also, new pathways of chemical reaction may be established. 24 It is well known that the rotational energy levels of a free molecule placed in an electric field are split due to the interaction between molecular dipole moment and electric field. 25 In addition to the splittings, theoretical investigation 26 showed that, when the applied electric field is strong, mo-lecular rotational energies have large negative shifts. On the other hand, in our previous work, 9 we have investigated the external electric field effect on the ground-rotational-state energy of an adsorbed dipole molecule. We considered that an dipole-field interaction was added to the finite-conicalwell potential. Our results showed that the Stark shift of ground-rotational-state energy will be suppressed by the conical-well potential if the field strength is smaller than the hindering potential. However, when the applied field is very strong, large Stark shift may take place.
In our previous investigation, the variational method was utilized and only the Stark shift of ground-state energy of horizontally adsorbed molecule was considered. In this work, we extended the investigation to the Stark shift of the excited rotational states for both cases of vertically and horizontally adsorbed molecules. Instead of using variational wave functions, the molecular wave functions we used in this work were expressed in terms of the eigenfunctions of molecular hindered rotation in the absence of electric field. Therefore, ground state and excited state energies can be determined simultaneously. One can see that the Stark shifts of rotational energies of adsorbed molecules show interesting behaviors. Besides, the rotational-state distributions of molecules desorbing from a solid surface in the presence of external electric field can be calculated. One can see the distributions are significantly influenced by the applied electric field. Figure 1 shows the situations that an adsorbed diatomic molecule with a dipole moment ជ in the presence of perpendicular electric field ជ . The Hamiltonian of such system is
II. MODEL AND FORMULISM
where I is the molecular moment of inertia, បL is the angular momentum operator, ␥ is the angle between ជ and ជ , and U rot (,) is the surface potential energy to which the molecule is subjected. As a first approximation we assume that U rot (,) is independent of . Calculation indicates that the dependence on is weaker than that on . [27] [28] [29] We express the energy in the unit of the molecular rotational constant Bϭប 2 /2I; thus, Eq. ͑1͒ can be written as
where V hin () is the polar hindering potential energy to which the molecule is subjected. According to the finiteconical-well model, [8] [9] [10] we assume
for the vertical adsorption configuration, and
for the horizontal adsorption configuration. The parameter in Eq. ͑2͒ presents the strength of the dipole-field interaction:
The positive sign is for the cases of Figs. 1͑a͒ and 1͑b͒, while the negative sign is for the cases of Figs. 1͑c͒ and 1͑d͒. Therefore, Ͼ0 means the electric field orients the molecular axis toward molecular preferred orientation, while Ͻ0 means the electric field orients the molecular axis against molecular preferred orientation. For the case that the applied electric field is absent, the Hamiltonian of the system is
There are analytic eigenfunctions for this system:
͑7͒
where
for vertical adsorption configuration, and for horizontal adsorption configuration. The functions P (Ϯ1) and Q (ϩ1) in the above equations are defined as
where F(a,b,c;z) is the hypergeometric function. 30 In above equations, the molecular rotational energy has been expressed as
and l,m Ј is defined as
͑13͒
In order to determine l,m , one has to match the boundary conditions at 1 ϭcos ␣ and 2 ϭcos ␤.
When the electric field is applied, there are no analytic eigenfunctions to the Hamiltonian, as shown in Eq. ͑2͒. However, consider that the system is still symmetric about z axis, we can express the eigenfunctions in terms of Eq. ͑7͒ for specific azimuthal quantum number m:
Substitute Eq. ͑14͒ into the Schrödinger wave equation, and multiply both sides of the equation by ⌿ l,m (0) * and then integrate it. We get 
͑2͒ for specific azimuthal quantum number m can be obtained from solving this equation.
III. RESULTS AND DISCUSSION

A. Vertical adsorption configuration
For a vertically adsorbed molecule, the hindering potential energy can be modeled by Eq. ͑3͒. Figure 2 shows the rotational-state energies of a vertically adsorbed dipole molecule in an external electric field as functions of field strength parameter Ͼ0 for azimuthal quantum number m ϭ0 and potential barrier heights V 0 ϭ20 and 80. The hindrance angle is set as ␣ϭ30°. From Fig. 2 , one can see that an applied electric field can induce shifts of adsorbed molecular rotational energies. When the electric field is increased, the ground-state energy decreases monotonously while the excited-state energies increase to a maximum and then decrease. The rate of the energy variation depends on the rotational state. The lower the state, the larger the rate. The behaviors of the rotational energies shown in Fig. 2 are similar to those of free dipole molecule in an electric field. 26 However, if the potential barrier is high enough, even the lower excited-state energies, e.g., the energy of ͑1, 0͒ state of the V 0 ϭ80 case, show direct decreasing as the electric field is increased. This is different from that of a free dipole molecule. Figure 3 shows the rotational-state energies of a vertically adsorbed dipole molecule in an external electric field as functions of field strength parameter Ͻ0 for azimuthal quantum number mϭ0 and potential barrier heights V 0 ϭ20 and 80. From Fig. 3 one can see that the variations of rotational energies for the case of Ͻ0 are very different from those for the case of Ͼ0. When the electric field is applied, the ground-state energy increases initially and then decreases as the field strength is stronger than some critical value. However, for the first excited ͑1, 0͒ state of the V 0 ϭ20 case, the energy decreases initially and then increases to avoid the crossing of two energy levels at the same field strength. The avoided crossing between two levels also makes the ground-state energy to start to decrease at the same field strength. Finally, the energy of the ͑1, 0͒ state decreases again for field strength stronger than another critical value. On the other hand, for the first excited ͑1, 0͒ state of the V 0 ϭ80 case, the energy increases initially and then decreases at some critical field strength and then increases again to avoid crossing with the ground-state energy level. The avoided crossing also makes the ground-state energy to start to decrease at the same field strength. Finally, further decrease occurs for field strength stronger than another critical value. In Fig. 3 , there are two or more avoided crossings for the other excited-state energies. The avoided crossing of two energy levels is a general result for the case of two very close levels with small perturbation where the Hamiltonian contains some parameter and its eigenvalues are consequently functions of that parameter. 31 For the adsorbed molecule with higher potential barrier, there are more avoided crossings. Besides, for the adsorbed molecule with lower potential barrier height, their avoided crossings of higher energy levels become more smooth while compared with those with higher barrier height. Furthermore, the energies of two adjacent energy levels at the avoided crossing are very close to each other, especially for the lower states.
To analyze the variation of rotational energy with applied electric field, one may reexamine the potential energy for which an adsorbed molecule is subjected:
For the case of Ͼ0, when the external electric field is applied, the potential well is tilted to the ϭ0°side and the potential energy V() has a minimum at ϭ0°. That is, the electric field as well as conical well tend to concentrate molecular wave functions about ϭ0°. For the ͑0, 0͒ state of the V 0 ϭ20 case or the ͑0, 0͒ and ͑1, 0͒ states of the V 0 ϭ80 case, since the vertical conical well confines the major part of molecular wave functions about ϭ0°even the electric field is absent, an applied electric field will result in more concentration of the wave functions about ϭ0°and then rotational energies are decreased rapidly. On the other hand, for other excited states, when the electric field is absent, the rotational energies are higher than the barrier height. Their wave functions are similar to those of free molecule and the major part of the wave functions distributes outside the conical well. 8 An applied electric field will result in initially increasing the state energy. However, if the applied field is so large that molecular wave functions are forced to concentrate about ϭ0°, the rotational energies will decrease as the applied field is increased.
However, the case of Ͻ0 shows very different situation. see that, for the case of Ͻ0, the electric field not only tilts the conical potential well but also creates a new potential minimum at ϭ180°. That is, the applied electric field tends to turn over the vertically adsorbed molecule. Therefore, in fact, the problem treated in this work, for the polar space region 0°рр180°, is equivalent to a double-well problem. This is absolutely different from the situation of a Cartesian square well subjected to an external electric field, 32, 33 and is the manifestation of the rotational invariance.
Employing Figs. 4 and 5, one can understand that the avoided crossing of two energy levels in Fig. 3 are due to the redistributions of molecular wave functions between two potential wells. For the ground-state, if the electric field is absent, the molecular wave function is confined initially in the 0°рϽ␣ region by the vertical conical well. Therefore, the energy increases initially as the electric field is applied. However, when the electric field strength is increased up to the critical value so that E 0,0 is higher than the energy minimum about ϭ180°, it becomes energetically favorable to concentrate the wave function at ϭ180°. Hence the ground-state solution has now the character of the field-free ͑1, 0͒ state solution and its energy decreases as the applied field strength is increased.
On the other hand, for the excited ͑1, 0͒ state of the V 0 ϭ20 case, its energy decreases initially as an electric field is applied. However, when the ground-state wave function tunnels into the conical barrier region, the wave function of the excited ͑1, 0͒ state will tunnel into the conical well region to keep the orthogonality of wave functions. Hence it has now the character of the field-free ground-state solution and its energy increases as the applied field is increased. When the electric field strength is increased further to another critical value, the wave function of the ͑1, 0͒ state will tunnel back the region about ϭ180°and then its energy decreases again. For the ͑1, 0͒ state of the V 0 ϭ80 case, when the electric field is absent, the wave function concentrates at ϭ0°due to the higher potential barrier. Thus, as the field strength is increased, there is an additional energy change other than the ͑1, 0͒ state of the V 0 ϭ20 case. Similar discussions can be issued to other higher excited states. For larger field strengths more avoided crossings with the higher states occur. Beside, for the higher excited states whose energies are much higher than the potential barrier height, their wave function can smoothly redistribute over the polar space by an electric field. Thus their avoided crossings become smoother.
B. Horizontal adsorption configuration
For a horizontal adsorbed molecule, the hindering potential energy can be modeled by Eq. ͑4͒. Figure 6 shows the rotational-state energies of a horizontally adsorbed dipole molecule in an external electric field as functions of field strength parameter for azimuthal quantum number mϭ0
FIG. 4. Potential energy V()ϭV
hin ()Ϫ cos and angular distribution of molecular wave function ͉⌿ 0,0 ͉ 2 for a vertically adsorbed molecule as functions of for different electric field strengths. V hin () is the vertical-conical-well hindering potential with V 0 ϭ20 and ␣ϭ30°.
FIG. 5. Potential energy V()ϭV
hin ()Ϫ cos and angular distribution of molecular wave function ͉⌿ 1,0 ͉ 2 for a vertically adsorbed molecule as functions of for different electric field strengths. V hin () is the vertical-conical-well hindering potential with V 0 ϭ20 and ␣ϭ30°.
and potential barrier heights V 0 ϭ20 and 80. The hindrance angles are chosen as ␣ϭ75°and ␤ϭ180°Ϫ␣. Since the hindering potential is symmetric about the ϭ90°plane, the electric field effects on the rotational energies for Ͼ0 case and Ͻ0 case are the same. Therefore, we show the results for the Ͼ0 case only. From Fig. 6 , one can see that the ground-state energies of both V 0 ϭ20 and 80 cases decrease slowly as the electric field is applied and then rapid decrease occurs as the field strength is stronger than some critical value. However, the variation of excited-state energy is different. For V 0 ϭ20, the energy of ͑1, 0͒ state decreases rapidly as the field is applied. When the state energy has decreased closely to the ground-state energy, the decrease rate becomes gentle to avoid the crossing of two energy levels. For further stronger electric field, the energy of the ͑1,0͒ state decreases rapidly again. For the other excited states of the V 0 ϭ20 case, their energy variations shown in Fig. 6͑a͒ are similar to those in Fig. 2͑a͒ .
On the other hand, for the V 0 ϭ80 case, the energy of ͑1, 0͒ state decreases slowly and then rapidly. Finally, it decreases slowly again when the field strength is larger than the strength at which the energy of ͑0, 0͒ state begins to decrease rapidly. For the other excited states of the V 0 ϭ80 case, the energy variations show in Fig. 6͑b͒ are somewhat similar to those in Fig. 3 . However, the avoided crossings are smoother and the gaps between two adjacent levels at these avoided crossings are larger than those in Fig. 3 . Figures 7 and 8 show the potential energy V() and the angular distributions of molecular wave function ͉⌿͉ 2 for a horizontally adsorbed molecule as functions of for different electric field strengths. The polar space is divided into three regions. When increases, the value of V() decreases in region I (0°рϽ␣), and increases in region III (␤Ͻр180°), but changes slightly in region II (␣ϽϽ␤).
For the ground ͑0, 0͒ state, if the electric field is absent, molecular wave function is confined initially in the ␣Ͻ Ͻ␤ region by the vertical conical well. Therefore, the state energy varies gently as the field is applied, or one can say that the Stark shift of the rotational energy is suppressed by the conical well potential. However, when the electric field strength increases so that E 0,0 is higher than the energy minimum about ϭ0°, the major part of the molecular wave function begins to distribute about ϭ0°; therefore, the decrease of the state energy becomes rapid. When the electric field strength is very large, most of the molecular wave function will concentrate about ϭ0°. This implies that the adsorption configuration changes from horizontal to vertical.
For the excited ͑1, 0͒ state of the V 0 ϭ20 case, when the electric field is absent, the major part of the molecular wave function distributes in region I (0°рϽ␣) and region III (␤Ͻр180°). When the electric field is applied, molecular wave function redistributes. The distribution in region I increases, and the distribution in region III decreases. Therefore, the energy decreases rapidly. If the applied electric field is further increased, considerable part of the wave function will concentrate in region II (␣ϽϽ␤), and the energy decreases slowly. When the electric field is so strong that most of the wave function concentrates in region I, the energy will decrease rapidly again. Similar discussions can be issued to other higher excited states. However, for those excited states whose rotational energies are much higher than the potential barrier height V 0 , the confinement potential is no longer FIG. 6 . Rotational-state energies of a horizontally adsorbed dipole molecule in an external electric field as functions of field strength parameter for azimuthal quantum number mϭ0 and potential barrier heights V 0 ϭ20 and 80. The hindrance angle is set as ␣ϭ75°and ␤ϭ180°Ϫ␣.
FIG. 7. Potential energy V()ϭV
hin ()Ϫ cos and angular distribution of molecular wave function ͉⌿ 0,0 ͉ 2 for a horizontally adsorbed molecule as functions of for different electric field strengths. V hin () is the horizontal-conical-well hindering potential with V 0 ϭ20, ␣ϭ75°, and ␤ϭ180°Ϫ␣.
dominant. Therefore, the variations of energy are similar to those of free dipole molecule in an external electric field.
C. Rotational-state distributions
The measurement of final rotational-state distributions of molecules desorbing from a surface is one of the familiar experimental methods to study rotational motion of adsorbed molecules. To compare with the experimental data, we employ the sudden unhindrance approximation to calculate the final rotational-state distributions as proposed in the works of Gadzuk and his co-workers. 4 -6 We assumed that the desorption is induced by a fast process, i.e., the hindering potential is suddenly switched off and, thus, the pure hindered-to-free rotational transition takes place without changing the wave function. If the external electric field persists during the desorption process, the free-rotational states of a desorbing dipole molecule in an electric field can be expressed in terms of spherical harmonics:
The probability of ending up in the Jth free-rotational state is the sum of rotational Franck-Condon factors between the final state ⌿ J,m free and the hindered-rotational state ⌿ L,m Ј hin weighted by appropriate thermal factors; that is,
͑19͒
where T is the surface temperature, k B is the Boltzmann constant, and Z hin is the partition function of the hindered rotor. Figure 9 shows the calculated rotational-state distributions based on Eq. ͑19͒ for various field strength parameters. In the calculation, we set B/k B Tϭ1, and the molecule was assumed vertically adsorbed with hindrance parameters V 0 ϭ20 and ␣ϭ30°. In Fig. 9 , the curves are plotted in the form ln͓P(J)/(2Jϩ1)͔ vs J(Jϩ1). It is known that for a Boltzmann distribution a straight line with slopeϭϪB/k B T should be obtained. From Fig. 9 one can see that the nonBoltzmann feature and oscillatory structure with alternate drops and plateaus of the rotational-state distributions still display when an external electrical field is present. However, the positions of the dips and the maxima are displaced.
To apply our calculation to a more realistic system, let us consider the Cs-CN adsorption system. Figure 10 shows the calculated rotational distribution for CN* desorbing from Cs surface based on Eq. ͑19͒ for various field strength parameters. The measured distribution for Cs-CN adsorption system in the absence of electric field 3 is presented for comparison. In our calculation, the hindering potential was modeled as a vertical conical well with cone opening angle ␣ ϭ11.36°and potential barrier height V 0 ϭ10 030 ͑i.e., V 0 Ϸ2.45 eV). These hindrance parameters for Cs-CN adsorption system have been determined in our previous work. 10 Since the electric field strength parameters we used in the calculation are much less than the potential barrier height V 0 , the electronic wave functions of the adsorbed molecule on a surface in the presence of an external electrical field are expected to undergo a mild variation during the desorption process. Furthermore, the bond length and dipole moment of adsorbed molecule can be assumed not to be affected. Figure 10 shows that the rotational-state distributions are significantly influenced by the external electric field. One can note that, for the Ͻ0 case, when the field strength is increased, the distribution shifts towards the high-J region. However, for the Ͼ0 case, the distribution shifts towards the low-J region as the field strength is increased. The shift of rotational-state distribution with electric field can be realized by the fact that, at low enough temperature, the final free-state distribution is mainly due to the conversion of initial ground-hindered-rotational-state energy. For the case of Ͻ0, as we gradually increase the electric field strength, the energy of ground-hindered-rotational state starts to increase because is still much less than V 0 ͑see Fig. 3͒ , and thus the overlaps of ground-hindered-rotational state with high-J free-rotational states become more prominent. This causes the distribution to shift towards the high-J region. However, for the Ͼ0 case, as the field strength is increased, the energy of ground-hindered-rotational state starts to decrease ͑see Fig. 2͒ , and the overlaps of ground-hindered-rotational state with low-J free-rotational states become more prominent. Therefore, the distribution shifts towards the low-J region.
Finally, an additional remark on the finite-conical-well model is made. Certainly, using a simplified analytical potential is not state of the art. Molecule-surface interaction potentials can nowadays be mapped out in great detail by ab initio electronic structure methods. However, as we have seen in our previous [8] [9] [10] and present works, the simplified model shows interesting results. Furthermore, qualitative concepts and mechanisms can also be derived from the investigations. For example, we can justify our model by the performance of calculations on the rotational alignment of the desorbing molecules.
When a molecule desorbs from a solid surface, [11] [12] [13] [14] 16, 18 the quadrupole moment A 0 2 (J) is a measure of the rotational alignment and is defined as A 0 2 (J)ϭ͗J͉(3J z 2 ϪJ 2 )/J 2 ͉J͘. 34 In the classical limit, the value of A 0 2 (J) represents the ensemble average of (3 cos 2 Ϫ1) where is the angle between the angular momentum vector J of the molecule and the surface normal. The value of A 0 2 (J) ranges from ϩ2 to Ϫ1, where positive values present helicopterlike motion (J vector prefers to parallel to the surface normal͒, negative values correspond cartwheel-like motion (J vector prefers to perpendicular to the surface normal͒.
To compare with the possible observed data, we calculate the quadrupole moment A 0 2 (J) by the results obtained in our model of finite conical well. According to the sudden unhindrance approximation, the quadrupole moment of the alignment distribution can be evaluated by the following equation:
10. Rotational-state distribution for CN* desorbing from Cs surface for various field strength parameters. In the calculation, the molecule was assumed vertically adsorbed with hindrance parameters V 0 ϭ10 030 and ␣ϭ11.36°. Figure 11 shows our calculated results compared with the experimental results of the rotational alignment in the photodesorption of CO from Cr 2 O 3 (0001). 16, 18 The hindrance parameters we used here are V 0 ϭ2000 and ␣ϭ120°.
It was observed experimentally the quadrupole moment of desorbing CO changes its sign from positive to negative with increasing rotational quantum number J. Theoretically we could reproduce a positive quadrupole moment for small quantum number J and thus corresponds to the helicopterlike desorbing, while a negative quadrupole moment of desorbing CO can be obtained and thus corresponds to the cartwheellike desorbing for larger quantum number J. This result agrees qualitatively with the experimental observations as can be noted from Fig. 11 .
To 
IV. CONCLUSIONS
We have investigated the electric field effect of adsorbed dipole molecules. The surface hindering potential to which the adsorbed molecule is subjected was modeled as a finite conical well and an dipole-field interaction was added to the hindering potential. The molecular wave functions were expressed in terms of the eigenfunctions of adsorbed molecule in the free field situation.
Our results show that for the vertically adsorbed dipole molecules, if the external electric field orients the molecular axis toward molecular preferred orientation, the ground-state energy decreases as the electric field is increased, while the excited-state energies increase to a maximum and then decrease as the field is increased. While, if the external electric field orients the molecular axis against molecular preferred orientation, there are avoided crossings of two energy levels as the field is increased and finally all state energies decrease rapidly as the field strength is strong enough. On the other hand, for the horizontally adsorbed molecules, there are smoother avoided crossings of two adjacent levels as the field strength is increased and finally all state energies decrease rapidly for very strong field. The avoided crossing of two adjacent energy levels is due to the redistribution of wave function between different potential well regions.
By employing the sudden unhindrance approximation, the rotational-sate distributions of molecules desorbing from a solid surface in the presence of external electric field were calculated. When the calculated distributions were plotted semilogarithmically, the non-Boltzmann feature and oscillatory structure with alternate drops and plateaus of distributions displayed. We applied our calculation to more realistic Cs-CN adsorption system. Our results showed that the rotational-state distributions are significantly influenced by the external electric field. When the electric field is applied to orient the molecular axis against the molecular preferred orientation, the distribution shifts towards the high-J region, since the electric field increases the ground-state energy of adsorbed molecule. However, when the electric field is applied to orient the molecular axis towards the molecular preferred orientation, the distribution shifts towards the low-J region, since the electric field decreases the ground-state energy of adsorbed molecule.
We have calculated the rotational alignment in the photodesorption of CO from Cr 2 O 3 (0001) by the solutions to the finite conical well. Our calculated results showed that at low-J values the CO molecules desorb like a helicopter, while at high J values a cartwheel-like motion is preferred. This result is in qualitative agreement with the experimental observation.
